Abstract Since its release in 2014, the Knowledge Portal for Spatial Adaptation has evolved into the central web portal for climate adaptation in the Netherlands, supporting regional and local adaptation efforts. This paper reflects on how co-production shaped the development of the portal and evaluates its use and the usability of the most frequently accessed tool, the 'Climate Adaptation Atlas'. Analysis of evaluation reports and web-statistics revealed a substantial, diverse and regularly returning group of visitors to the portal. For example, municipalities use the atlas to understand how their municipality can be impacted by climate change to support spatial planning. Using the usability criteria of fit, interplay and interaction, the analysis showed that the atlas fits the needs of creating awareness and integrating climate information with other spatial information. However, the interplay of new climate information with other currently used information varies amongst municipalities. Interactions between scientists and users were found at different stages involving different actors. Based on the development and use of the portal, seven lessons have been derived emphasising the importance of a continuous co-production process with users; a modular setup to acknowledge the diversity in approaches; encouraging users by providing showcases of adaptation initiatives and enabling exchange of information amongst users; the need for political support; the ability and will to act even in case of uncertainty; flexibility in project design to incorporate changes in user needs and the beneficial role of boundary organisations in improving mutual Climatic Change (2019) understanding. Through this paper, contributions to the understanding of how adaptation web portals can be developed and improved are made.
Introduction
Recently, a growing number of authorities at different administrative levels have started to develop and implement adaptation strategies and projects.
1 In practice, the actual design and implementation of adaptation measures is often delegated by the national government to regional, provincial or local authorities (Swart et al. 2013) . Decentralised actors, such as provinces, municipalities and water boards are key actors in adaptation processes, as it is at the local level where actual climate change risks are manifest and where they are addressed in practice (Wilson 2006; van den Berg and Coenen 2012; Mees et al. 2014; Hoppe et al. 2016) . Moreover, at the local level, there is a greater potential for delivering solutions as many local decisions affect local vulnerability (Cutter 2003) .
A growing number of web portals providing climate information at national and supranational levels are becoming available to support adaptation planning (Street et al. 2015; Swart et al. 2017; Sanderson et al. 2016) . Local actors may obtain information about climate impacts and vulnerabilities from such web portals. Yet, they still need to tailor the information and link it to climate risk assessment and management (Räsänen et al. 2017 ) and other non-climate changerelated priorities (Masselink et al. 2017; Moser and Luers 2008; Goosen et al. 2014) . These links are important as adapting to climate change is only one of the issues that spatial planners integrate in their plans. The climate data might be there, but how can this be turned into usable information that convinces policy-makers of the urgency of undertaking adaptation actions and provides guidance on the adaptation process? Little has been published about the usefulness of web portals in providing climate information in support of adaptation processes at decentralised levels. Despite the growing number of web portals, the extent to which portals succeed in engaging with users and meeting their needs is often not evaluated (Swart et al. 2017 ).
This paper focuses on the development of the Dutch adaptation portal, the Knowledge Portal for Spatial Adaptation.
2 The portal aims to support the adaptation activities of various users by increasing awareness and understanding, offering baseline information, disclosing dispersed data, promoting communication about the need and the added value of adaptation and providing guidance for the development of adaptation strategies and policy implementation. We evaluate how the portal is used in support of adaptation planning for provinces, water boards and municipalities (which we refer to as the decentralised level) in the Netherlands and the usability of the most frequently used tool in the portal, the Climate Adaptation Atlas (CAA).
A particular focus in the development and maintenance of a portal is the interaction with its users. The importance of including users in the design and development of decision support tools has often been reported in literature. While the benefits of co-production in producing usable science are widely recognised (Meadow et al. 2015) , examples of how to realise coproduction processes in practice are just emerging. This paper reflects on the role of coproduction in the development of the Knowledge Portal and how it has shaped the design, content and structure of the portal. We reflect on the experiences gained in the process to identify seven lessons learnt and, through this paper, aim to contribute to knowledge exchange between developers on how adaptation web portals can be improved.
The knowledge portal for spatial adaptation in the Netherlands
Since its release in 2014, the portal has evolved into the central web portal for climate adaptation in the Netherlands (cf. de Graaff 2017). By offering climate impact information in combination with other spatially relevant information, it aims to increase awareness and understanding of climate adaptation and promotes the need and added value of spatial adaptation. It provides support for the formulation of objectives and visions regarding climate adaptation, the development of adaptation strategies and the implementation of policies.
Taking account of the heterogeneity of users, the portal offers different entry points for policymakers, companies, students and lecturers and citizens. The entry points provide guidelines and tools suitable for different user groups. The portal supports different aspects of adaptation planning through three modules: Analysis focuses on the analysis of climate impacts, vulnerability and opportunities; Ambition deals with the formulation of objectives and the development of adaptation strategies; Action provides support for policy implementation and mainstreaming of climate adaptation. In addition, the portal includes the following components. The tool database contains approximately 45 instruments and guidelines developed by knowledge institutes and consultancies in the Netherlands that support specific steps in adaptation planning. These include guidelines on vulnerability assessments, apps focusing on urban adaptation measures, visualisation tools for pluvial flooding and guidelines to assess the costs of climate adaptation. The database of showcases provides examples of good practice in spatial adaptation in the Netherlands and contact details to enable knowledge exchange amongst users. The library holds a collection of (research) documents on spatial adaptation. The Climate Adaptation Atlas is an open-access collection of interactive maps showing current and future climatic risks related to coastal flooding, pluvial flooding, drought and heat in the Netherlands. In addition to climate-related maps, the atlas shows other spatially relevant information, e.g. impervious surfaces, nature reserves, the susceptibility of foundations of building to rot and the proportion of elderly people. The help desk facility enables users to ask questions, make comments or request GIS data layers. Information about the policy context can be found in two sections of the portal dedicated to the National Adaptation Strategy (NAS) and the Delta Plan on Spatial Adaptation (DPRA).
The development of the portal cannot be seen separately from the particular domestic policy context in which it is embedded. Veraart et al. (2014) distinguish three successive periods that characterise the development of climate change research in the Netherlands. In the 1980s, climate research was initiated in order to investigate the hypothesis that climate change is caused by human agency. In the 1990s, the focus was on mitigation research. Since the start of the century, there has been increasing attention on climate adaptation and climate compatible development, particularly through national research programs. We argue that climate adaptation has entered the next period, now that the national research program Knowledge for Climate completed its work in 2014. We argue, sustained by the findings of our contribution in this special issue, that climate adaptation in the Netherlands can currently be characterised by a need for, and focus on, climate adaptation services. Across the various definitions of climate (adaptation) services (e.g. Street et al. 2015: 13-14; Street 2016: 3), we argue that climate services should be considered a two-way street, by which we mean that users of climate information are also involved in the production of it.
Since 2008, the Dutch national Delta Program has been a central player with regard to climate adaptation in the Netherlands. In recent years, the domain of spatial adaptation has gained increased importance within the Delta Program. Whereas flood risk management and freshwater supply are governed by the state government, the Delta Plan on Spatial Adaptation (DPRA) is under the responsibility of municipalities, district water boards and provinces. Spatial adaptation aims at climate-proof and water resilient development and addresses climate impacts such as heat stress, waterlogging, drought and urban flooding (Ministry of Infrastructure and Environment and Ministry of Economic Affairs 2018). Initially developed to support the spatial adaptation branch of the Delta Program, the Knowledge Portal has also become home to the National Adaptation Strategy, which requires extending the scope of the Knowledge Portal, for instance through adding domains such as health, nature and agriculture. We thus observe a crucial and evolving role of the portal, as developed in the context of the national demand-driven research program Knowledge for Climate, with regard to both the Delta Plan on Spatial Adaptation and the process of the National Adaptation Strategy. The portal is not only a result of investments in the knowledge infrastructure; it is also embedded in the policy domain, serving as an integral component of Dutch climate adaptation policymaking.
The knowledge portal as a science-policy interface
The knowledge portal can be understood as an effort to improve the transfer of climate information from the scientific community to the adaptation planning policy domain. Science-policy interfaces aim to enrich policy-making through decisions that are well informed on both the issue and the associated interests, and the range of potential solutions (van Enst et al. 2014 ). However accomplishing this goal is not easy. In addition to an operational misfit between the supply and demand of knowledge (van Enst et al. 2014; Runhaar and van Nieuwaal 2010) , misunderstanding or non-objective use are commonly reported problems in climate information communication (Wardekker et al. 2008; Enserink et al. 2013) . In efforts to improve science-policy interfaces in the field of climate sciences, studies focus on generating an understanding of how climate information is produced, perceived and understood (Cash et al. 2003; McNie 2007; Lemos et al. 2012 ). An often-suggested concept for improvement is the co-production of information by the science and policy community. The next section focuses on how co-production can be understood. The subsequent section discusses co-production within a broader list of factors that may drive the usability of climate information and concludes with a framework to evaluate the usability of climate information.
Co-production
The process of transferring information between the science and policy community strongly influences the usability of information (McNie 2007 (McNie , 2013 . Participatory and collaborative approaches are widely reported to support this process and bring improvements in sciencepolicy interfaces (van Buuren and Edelenbos 2004; Cash et al. 2006; Armitage et al. 2009; Hegger and Dieperink 2014) . In this regard, co-production is seen as a promising concept that contributes to managing complex challenges such as adaptation planning by producing actionable science (Beier et al. 2017 ).
Co-production goes beyond stakeholder participation by aiming at sustained and synergistic interactions between knowledge producers and users. Those whose livelihoods, work or decision-making processes are impacted by the knowledge created determine the research process together (Lemos and Morehouse 2005) . Various actors bring their perspectives and expertise and influence the process. Scientists can provide sound information and the basis for decision-makers to understand and use the information correctly. With an understanding of the policy context with its political, social, economic and legal dimensions, decision-makers can specify requirements for knowledge to support the decisionmaking processes. Practical constraints and their implications for science and decisionmaking can be addressed by other stakeholders, who are affected by the decision (e.g. private or civil society actors). If these actors all contribute to the co-production process, they can better define research needs, methods and outcomes and it becomes more likely that usable science is produced (Beier et al. 2017) . The perspectives of involved parties can change throughout the process of co-production; scientists' views of usable knowledge may change over time and decision-makers may find that the needs they expressed in the beginning of the process change. Although co-production is likely to increase the usefulness of the generated knowledge, it is a labour-intensive and time-consuming process (Lövbrand 2011; Briley et al. 2015) .
While the benefits of co-production in producing usable science are widely recognised, examples of how to realise co-production processes in practice are just emerging. A crucial next step is to improve our understanding of how co-production is realised in practice and how the process and outcomes can be assessed (Meadow et al. 2015) .
Evaluating usability
This section aims to generate a broader understanding of what factors contribute to the usability of climate information at the science-policy interface. The conceptual model on 'usable information' by Lemos et al. (2012) was chosen as it explicitly looks at the actual use of climate information in the decision-making process. Information is understood as 'usable' if scientific evidence is adopted and used by the policy-making community.
Three interrelated factors are identified that influence the usability of information. Firstly, the fit of information to the users' needs influences the usability. The fit applies to the 'product' of the information and increases when the information is perceived as credible, accurate and salient with respect to informing a policy issue. Secondly, the interplay of new information with existing knowledge influences the usability. The interplay refers to the contextual factors of the user and may positively influence the usability when there is sufficient human and technical capacity to adopt new information. Finally, the interactions between scientists (producers) and policy-makers (users) influence the usability. The interactions comprise the process of information transfer and may positively contribute to the usability in the case of an on-going relationship between user and producer by increasing the understanding of mutual possibilities and needs.
Methods
To gain an understanding of how the knowledge portal was developed and how it is used to support climate adaptation at the decentralised level, we used the following approach.
Initially, we analysed how the knowledge portal was developed based on semi-structured interviews with the developers of the portal. Since co-production was identified as an important factor in producing actionable climate information, a particular focus was on how co-production shaped the process and the outcomes.
Secondly, we analysed how the knowledge portal is used and evaluated based on the national evaluation reports of the Delta Program on Spatial Adaptation (DPRA), webstatistics for the portal and approximately 200 help desk requests. The annual evaluation reports evaluate the progress made in spatial adaptation and monitor the use of the knowledge portal. For the evaluation, 129 users (92 municipalities (= 23% of municipalities), 7 provinces (= 58% of provinces), 19 water boards (= 83% of water boards) and 12 other users) filled in a questionnaire. Based on web-statistics, we analysed data from the release of the portal in November 2014 to October 2017 for different components of the knowledge portal.
Thirdly, we evaluated the usability of the most frequently used tool in the portal, the Climate Adaptation Atlas (CAA). In semi-structured interviews (n = 9), the CAA was evaluated on the criteria of fit, interplay and interaction (Lemos et al. 2012) interviewing the engaged consultants and municipalities from December 2016 to February 2017. Whereas municipalities can be seen as the end users of the CAA, the perspective of consultants is relevant given their role as an intermediary between the knowledge providers and the municipalities. The usability of the tool was evaluated in two applications: the stress test and the environmental vision. We reflect on this approach to identify seven lessons learnt about the development of the knowledge portal.
Shaping the web portal through co-production
The development of the CAA preceded the emergence of the knowledge portal. The early version of the atlas dates back to 2008 and it was integrated into the portal in 2013 (see Fig. 1 ), an action which was also motivated by the recognition that guidance is needed on how climate information can be applied to make the CAA more policy-relevant. The following paragraphs highlight important milestones in the development of the CAA and the knowledge portal with regard to co-production.
The development of the atlas started with a series of interviews with end users. It became clear that the specification of information requirements was not straightforward. For instance, the end users requested a 'drought map'. Hydrologists, however, needed to know more specifically which parameters they needed to generate: water availability in the root zone, in what period of the year etc. Considerable time and financial resources (half of the budget was allocated to stakeholder interactions) were invested in better understanding the underlying questions of the users. Both the knowledge providers and the end users learnt that defining the right set of impacts, indicators and scenarios needed to be done together. Stakeholders alone cannot specify the exact knowledge needs, and scientists alone cannot provide the appropriate answers.
The level of certainty and detail to be provided in the atlas was also discussed in many user sessions. The aims were to find a balance between providing complete and detailed data, and an easy-to-use, accessible atlas. Whereas some users wanted to consider only one scenario resulting in one map per indicator, others were in favour of considering all four scenarios. Eventually, it was agreed to show two maps per indicator for the current state and for 2050 under the scenario that considers the most extreme climate change. The purpose of use should determine the level of detail and certainty provided, e.g. for the purpose of supporting the early stages of spatial adaptation planning, the direction of change and order of magnitude are more relevant than showing the full range of possible futures. Also, results will always have some level of uncertainty, but incomplete and uncertain information can be helpful in supporting the early stages of decision-making and investigating robust adaptation strategies.
In addition to scientists and end users, the boundary organisation CAS was involved in the development of the portal. Boundary organisations can help bridge the gap between science and policy domains and can function as intermediaries in balancing demand and supply (Dilling and Lemos 2011) . A neutral, independent and legitimate party can help increase mutual understanding. CAS worked together with research institutes, landscape architects, the advisory board to the DPRA and a user group to develop the knowledge portal. The user group included key target users and their role was to give practical advice on the setup, design and accessibility of the portal. The role of the advisory board, a broad coalition of 60 parties (including provinces, municipalities, water boards, engineers, housing and home owner associations, insurance companies, water and energy supply companies, a mobile network provider), was to ensure that the portal supported the implementation of the DPRA. It provided both guidance and also some content for the portal.
The collaboration with users influenced the development of the portal to a large extent. The initial project plan foresaw a structure of the portal similar to the UKCIP framework where the problem definition is followed by the identification and evaluation of adaptation options and an implementation and monitoring phase (Willows and Connell 2003) . During advisory board and user group meetings, it became clear that most users felt uncomfortable with having a guideline with consecutive steps in a fixed order. Climate change is seldom the central point of departure in spatial planning. Rather, it is observed that adaptation is integrated with other nonclimate-related priorities in practice (Masselink et al. 2017; Goosen et al. 2014) . Sometimes an idea, e.g. a construction project, comes first, before it is identified how this project can contribute to climate adaptation, which underlines that climate adaptation is not always the starting point. As a consequence, the content of the knowledge portal is provided in the modules: Analysis, Ambition and Action that can be combined in different ways and do not necessarily follow a specific order.
The advisory board emphasised the importance of providing practical examples of on-going or past adaptation initiatives at different scales in the Netherlands as a source of inspiration. A database of about 145 practical adaptation projects was developed and the members of the advisory board themselves contributed to providing the description of adaptation initiatives. This database is regularly updated and provides contact information for adaptation projects to enable exchange of information between users.
The development of the portal involved a high degree of flexibility in the project design. The continued trust and flexibility in the collaboration with the commissioner of the project, the Dutch Ministry for Infrastructure and Environment, ensured the views of the advisory board could be incorporated into the development of the portal. Being flexible and accepting that changes can occur in the process has implications for project design. Often, deliverables need to be defined before the start of the project, i.e. before involved parties determine jointly the agenda for the research. This contradicts the principles of co-production.
Evaluation of the web portal
To gain insights into how the knowledge portal is used and evaluated, this section explains our analysis of web-statistics for the knowledge portal, help desk requests and outcomes of the national evaluation reports of the DPRA. Subsequently, we elaborate on the usability of the main tool of the portal, the CAA, in two applications.
6.1 The use of the web portal according to web-statistics and national evaluation reports of the DPRA Between the release of the portal in November 2014 and October 2017, ca. 550 sessions/week originating from 46,703 unique users (one user represents all users from one network) were registered. The number of sessions per week over the period remained relatively constant with only small variations. Ca. 47% of users revisited it at a later time, which could indicate that the portal provides relevant information and/or that users are interested in the regular updates.
Apart from the home page of the portal, the most frequently visited page is the CAA, followed by the tool database, the National Adaptation Strategy and the showcases. The help desk requests showed that a variety of users are interested in the portal, mainly municipalities, consultancies and educational institutes (together about 70% of requests). Other users of the help desk are provinces, water boards, the national government and special-interest organisations.
The national evaluation report 2016 of the DPRA provides insights into the users of the portal. It can be seen that the portal is recognised by a large number of decentralised actors. All respondents from provinces and water boards knew of the knowledge portal and used it with varying frequencies. The respondents who used the portal regularly (6 to 12 times/year) were mainly provinces (ca. 50%) and water boards (ca. 28%). In contrast, almost 40% of the respondents from municipalities were not aware of the existence of the portal; ca. 40% used it less than 3 times/year and only ca. 5% used it regularly. Similar results can be seen when looking at the CAA. Whereas ca. 65% of the municipalities did not know of the CAA, all of the respondents from provinces stated that they knew of the CAA and used it for their work (van der van der Brugge et al. 2015) .
The users from provinces, municipalities and water boards valued the portal mostly for providing relevant knowledge, the user friendliness, increasing awareness and inspiration and the tool box. The report also concludes that users sought information or tools that corresponded with their current needs, rather than following consecutive steps provided in guidelines. Moreover, it was indicated that a barrier for potential users was the limited time available to visit the portal (de de Graaff 2017) . This shows that the potential use of the portal is not just a matter of providing the appropriate knowledge, but is largely influenced by organisational constraints.
6.2 The usability of the CAA tool in two practical examples 6.2.1 Example 1: Climate stress test for municipalities As part of the DPRA, the national government encourage municipalities to perform a climate stress test to map the climate vulnerability of the municipal area. Municipalities perform the stress test on a voluntary basis and usually commission a consultant to facilitate the process and supply municipal maps with climate information. From the interviews, it emerged that the consultants knew the CAA well and often used CAA data. From the interviews, it was determined that CAA data is used in stress test sessions as follows:
Consultants collect municipal maps, overlay them with CAA data and tailor output to the specific needs of the municipality. Maps are usually made for different climate risks, e.g. heat stress maps, indicating heat islands and the proportion of elderly people. The data is freely available which makes it possible to perform stress tests within the available budget of the municipality. In interactive sessions, municipal practitioners complement the maps with local information. Moreover, participants can incorporate threats, challenges and potential solutions. Integrating all this information results in maps tailored to specific needs. The sessions usually end with a discussion about the integration of adaptation into municipal practices.
Example 2: Environmental vision
The upcoming enforcement of the environmental law (expected in 2019) in the Netherlands demands spatial planning laws and regulations to be transformed into one integrated environmental act. This transformation is motivated by the plurality of spatial laws that complicate planning projects. The formulation of the environmental vision is a key instrument of the law and is mandatory for the national government, provinces and municipalities. The interviews showed that the CAA was used for the development of the environmental vision as follows:
To integrate the diverse spatial policy domains, users identified five basic spatial planning elements (air, infrastructure, green, urbanisation and soil) and three sustainability themes (energy, biodiversity and water). The CAA data was used in the water theme to indicate both vulnerable areas (e.g. land subsidence) and to identify opportunities. These maps were finetuned in expert sessions. By analysing the different sub-maps, conflicts and synergies for spatial planning could be identified.
The next paragraphs focus on the findings with regard to the three factors influencing usability: fit, interplay and interaction.
Fit In both applications, the CAA was perceived as salient for increasing awareness of climate change vulnerability and increasing system knowledge. It supported integrative thinking because the maps combined and connected climate information with other spatially relevant information. Moreover, a sense of urgency emerged amongst project participants to collaborate, share information and start discussing both problems and solutions associated with spatial tasks. When focussing on specific municipal areas, the spatial resolution of the data was evaluated as too coarse, which is why in this case, the CAA was not considered sufficiently accurate. More detailed information is needed for the formulation of policies and measures for specific municipal areas. While the CAA data is perceived as credible to gain a general understanding of the problem, both examples indicate that it should be better communicated with respect to the extent that the data can be trusted, as political decisions are based on this information.
Interplay Consultants indicated that municipalities often lack resources to perform analyses in support of the stress tests. Smaller municipalities in particular have limited human and technical capacity to access and use climate information. Therefore, consultants are often commissioned. Moreover, the consultants indicated that municipalities prefer to use their own local information that they are familiar with, indicating limited flexibility in adopting new information. In contrast, the municipal users involved in the environmental vision, explained how the support from the ministry and the collaboration of municipalities allowed them to access sufficient human and technical resources. Moreover, a proactive attitude was expressed towards increasing knowledge on climate vulnerability, incorporating the latest knowledge into the environmental vision and collaborating with knowledge institutes.
Interaction There were hardly any interactions between the municipalities and the knowledge institutes. In the example of the environmental vision, project participants had interactions with the boundary organisation CAS to increase understanding of the data. Interactions took place driven by both CAS and the municipality, indicating two-way communication efforts. The usage of the atlas, however, was influenced by interactions with consultants, who further co-produced and tailored the available information.
In summary, the CAA meets diverse municipal needs, ranging from creating awareness to integrating climate vulnerability into spatial planning. For some purposes, the information is too coarse and not detailed enough, which underlines the need to further tailor the data and complement it with locally relevant information. The atlas provides an entry point towards integrating climate adaptation into spatial planning; it cannot provide or substitute for tailor-made information for ca. 400 different municipalities in the Netherlands. The interplay varies between municipalities as it is characterised by different cultures and resources. The interactions suggest very limited links between the scientific and policy community towards adopting climate information. However, it can be questioned whether direct interactions between scientists and the many users of the atlas are feasible or needed (as the development of the atlas was based on many interactions). Subsequently, when using the atlas, intermediaries, such as consultants or boundary organisations, are often involved, suggesting that co-production can take place at different stages involving different actors.
Conclusions and lessons learnt
The level of consultation of the portal at ca. 550 sessions/week and the actual use of the available knowledge in policy settings as demonstrated with the CAA suggests that the portal succeeds in supporting decision-making for climate adaptation. The main users of the knowledge portal are provinces, water boards, municipalities and consultants. However, not all potential users, e.g. many municipalities, have discovered or accessed the portal yet. Considering that adaptation planning is a voluntary matter and often associated with uncertain benefits, the significant number and diversity of users indicates that the portal has succeeded in reaching the adaptation community in the Netherlands.
The evaluation of the CAA within the knowledge portal shows that the information provided is salient and that there is a varying ability and willingness/ambition to adopt climate information. There is also a high level of interaction at different stages involving different actors. Challenges, however, remain in identifying the right level of accuracy for climate information considering the diversity of users working at different spatial levels from the local to the national level.
From the evaluation and the review of almost 10 years of development of the portal, seven lessons have been learnt. First, the portal was developed in a co-production process with about 60 different parties including scientists, users and the government of the Netherlands. They jointly influenced the design, content and structure of the portal. The co-production process evolved over time and required substantial financial resources to enable stakeholder interactions. Also, the usage of the portal, particularly of the CAA, is continually shaped by co-production in the process of further tailoring data and combining it with local knowledge. This suggests that co-production takes place at different stages involving different actors.
Secondly, flexibility in the project design is important to take account of changes that can occur in the process of co-production. In traditional project design, deliverables have to be defined before the start of the project. This contradicts the principles of co-production, where involved actors determine jointly the agenda and consequently also the deliverables of the project.
Thirdly, the portal has been embedded and supported by the political context. The Delta Program established a sense of urgency to undertake adaptation actions and therefore the demand for climate information, examples and guidance increased.
A fourth lesson is that a modular setup proved to be important in the context of different users and adaptation approaches. Adaptation to climate change does not always follow a linear process and is not always the starting point for spatial planning processes, but it needs to be integrated with other non-climate-related priorities. Therefore, the content of the knowledge portal is provided in modules that do not necessarily follow a specific order, but can be used independently as required.
The knowledge portal attempts to provide an encouraging and enabling platform. The portal contains a database of about 130 practical examples of adaptation projects in the Netherlands which can serve as inspiration and enable exchange of information between users.
A sixth lesson: be prepared to accept uncertainties. There is always the urge to produce more accurate data and better predictions. However, dealing with climate change and adaptation will always leave some level of uncertainty. Adaptation issues are not solved through more science and data alone. Also, incomplete data and uncertain maps can indeed be helpful in investigating robust adaptation strategies.
A seventh lesson is that intermediaries, such as boundary organisations and consultancies, play an important role in the development of web portals as well as in facilitating the use of information provided. They can contribute to the mutual understanding of different actors and further tailor data to the needs of users.
With this paper, we have assessed how climate information from the Dutch Knowledge Portal for Spatial Adaptation is used for adaptation planning at the decentralised level, based on initial findings. The annual evaluation reports of the DPRA will provide further insights and the basis for a further evaluation in the coming years. With the introduction of the compulsory stress test from January 2018, it is expected that more municipalities will use the portal. This will provide feedback for further improvements towards meeting municipal needs. We argue that the usability of the portal increases with the extent of co-production and a continuous dialogue between users and producers is crucial in this respect. As our case study shows, a web-based portal for climate adaptation can then serve as a readily available source of climate information, supporting a variety of actors and triggering and enabling action and collaboration when opportunities for climate adaptation arise. Developing and operating web-based platforms for climate adaptation through co-production is investing in the knowledge infrastructure, which is a prerequisite for decision-making for climate adaptation measures. The Knowledge Portal for Spatial Adaptation appears to be particularly valued for creating a sense of urgency of the need for adaptation and it has proved to be of use with regard to the integration of climate adaptation with other spatial priorities. More research is needed on how web portals can continue to support adaptation planning at other stages in the adaptation process, including when user needs may have shifted towards more support in implementation and monitoring. We encourage more research on the use of web portals as a decision support tool for climate adaptation, including from an international comparison perspective.
